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A  series  of  tests  were  performed  by  the  Federal  Aviation  Administration  (fAA) 
Technical  Center  at  the  Miami/Tamiami ,  Florida,  Airport  to  verify  the  guidarKe 
material  contained  in  the  proposed  amendments  to  Attachment  C  to  Part  1  of  the 
International  Civil  Aviation  Organization  (ICAO)  Annex  10.  A  mock>up  of  the 
Technical  Center's  Test  Bed  Microwave  Landing  System  (HLS)  was  collocated  with  the 
category  I  Instrument  landing  system  (ILS)  on  rtinway  9R.  Several  engineering 
flight  tests  were  flown  with  ILS  data  collected  and  analyzed.  These  results  were 
later  verified  by  actually  installing  the  HLS  test  bed  at  one  of  the  locations  used 
for  the  mockup  tests.  The  results  indicate  that  the  proposed  guidelines  are 
adequate  as  published,  but  several  items  should  be  considered  when  implementing 
these  guidelines.  These  items  are  presented  as  recommendations. 
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exEorTivc  simhaky 


A  series  of  tests  were  perforaed  at  ch«  Hleal/TMilMBi .  flerida  AitfK^n  t<A 
verify  the  guidance  material  contained  In  the  propoaad  to  att«iti»oti( 

to  Part  I  of  the  International  Civil  Aviation  Organisation  ilCAo''  ant««»  :v  a 
mockup  of  the  Technical  Center's  Teat  Bad  Mtereaava  Landing 
collocated  with  the  category  I  Inatrument  landing  ayatea  (}LA>  on  luot^jr  »lt 
Several  engineering  flight  testa  were  flown  with  ILS  data  colio^tve  ana 
analyzed.  The  results  Indicate  that  the  proposed  guide! ina*  ar«  ado^wat*  •» 
published,  but  several  Items  should  be  eonsidarad  wtvan  isKpiamant 
guidelines.  These  Items  are  presented  as  recotmeandac ions 


BACKGROUND 


During  ch«  nonth  of  fUrch  1989,  a  series  of  tests  were  performed  at  the 
Hleal/Tealaal ,  Florida,  Airport  to  verify  the  guidance  material  contained  In  the 
proposed  aaendtoents  to  Attachment  G  to  Part  I  of  the  International  Civil  Aviation 
Organization  (ICAO)  Annex  10.  The  proposed  amendment  provides  guidance  for 
siting  an  Hlcrowave  Landing  System  (MLS)  to  be  collocated  with  an  existing 
Instrument  landing  system  (ILS)  and  can  be  found  In  the  ICAO  All  Weather 
Operations  Panel  (AWOP)  Working  Paper  (WP)  S61.  This  report  details  these  tests 
that  were  the  Initial  part  of  a  aeries  of  tests  (which  were  also  performed  at 
Miaml/Tsalaml)  and  Included  ILS/KLS  comparisons  as  well  as  a  demonstration  of  MLS 
Area  Navigation  (RNAV)  capability.  The  results  of  these  additional  tests  are 
covered  In  other  reports. 


Mlaml/Tamlaml  Airport  Is  located  approximately  5  miles  southwest  of  Miami  and  Is 
operated  by  the  Dade  County  Airport  Department.  The  airport  Is  a  general 
aviation  airport  with  very  high  traffic  volume  and  has  extremely  flat  terrain. 

The  airport  has  three  runways:  a  pair  of  parallel  5,000  foot  runways  (9-27  left 
and  right),  and  a  4,000  foot  diagonal  runway  (13-31).  The  ILS  services  runway  9R 
and  consists  of  an  eight-element  log  periodic  localizer  array  and  a  null 
reference  glide  slope  array.  The  ILS  Is  a  category  1  commissioned  facility. 
Figure  1  Is  a  drawing  showing  the  ILS  siting. 


TEST  PROCEDURES 


A  mockup  of  the  Bendlx-bullt  Federal  Aviation  Administration  (FAA)  Technical 
Center  Test  Bed  MLS  2°  beamwldth  azimuth  and  1.5°  beamwldth  elevation  stations 
were  designed  and  fabricated  at  the  Technical  Center  and  transported  to  Tamiami. 
The  mockups  were  framed  using  a  1-1/4  inch  poly  vinyl  chloride  (PVC)  pipe  covered 
with  1/2  inch  grid  hardware  cloth  and  were  exact  physical  representations  of  the 
actual  system.  The  Test  Bed  MLS  was  used  because  this  system  was  to  be 
Installed  where  the  mockup  had  been  to  perform  the  above  mentioned  ILS/MLS 
comparison  tests  and  MLS  RNAV  demonstration.  In  addition,  the  Test  Bed  MLS  is 
physically  larger,  especially  the  elevation,  than  other  MLS's.  This  should  have 
given  a  "worst  case"  situation  as  far  as  collocation  was  concerned.  Figure  2  is 
a  drawing  of  the  Test  Bed  MLS  azimuth  and  elevation  stations. 

All  of  the  data  collected  were  airborne  data  using  a  fully  Instrumented  Convalr 
580  (CV-580).  A  Bendlx  RNA-34AF  navigation  receiver  was  used  to  collect  the  ILS 
data.  This  receiver  outputs  both  digital  and  analog  information.  The  aircraft 
tracking  was  performed  using  a  Warren  Knight  balloon  theodolite  and  a  JC  Air 
frequency  modulation  (FM)  radio  telemetric  theodolite  (RTT) .  Distance  measuring 
equipment  (DME)  ranging  data,  for  reference  Information  only,  were  collected 
using  the  Blscayne  Bay  collocated  veiry  high  frequency  omnl- directional  radio 
range  (VOR)  and  tactical  air  navigation  (TACAN)  (VORTAC) .  Both  analog  (strip 
chart  recorder)  and  digital  (Kennedy  9 -track  recorder)  data  were  collected.  The 
analog  data  were  used  for  real  time  "quick  look"  Information,  while  the  digital 
data  were  processed  post  flight  and  Is  used  In  this  report. 
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Two  sites  were  chosen  to  be  tested  at  both  the  localizer  and  the  glide  slope.  At 
the  localizer,  the  test  azimuth  sites  were  on  the  nmway  centerline  extended  at 
distances  of  100  feet  and  200  feet  in  front  of  the  localizer  array.  The  proposed 
appendix  J  states  that  the  azimuth  should  be  sited  no  closer  chan  100  feet  In 
front  of  the  localizer.  The  azimuth/localizer  Cast  sites  are  sho%m  In  figure  3 
For  elevation/glide  slope  collocation,  the  proposed  guidance  suicerlal  states  that 
the  elevation  antenna  should  be  sited  outside  the  10-decible  (dB)  point  of  the 
horizontal  pattern  of  the  glide  slope  array,  or  outside  of  a  line  from  the  base 
of  the  glide  slope  antenna  to  the  runway  centerline  at  threshold,  whichever  Is 
greater.  An  additional  stipulation  is  that  the  runway  crossing  helots  should 
coincide  within  1  meter.  The  two  sites  selected  for  the  elevation  antenna  are 
shown  in  figure  4.  The  site  closest  to  the  nmway  is  outside  the  line  from  the 
base  of  the  glide  slope  antenna  Co  Che  threshold  on  centerline,  and  Is  143  feet 
forward  of  the  glide  slope  and  44  feet  from  a  line  from  the  glide  slope,  parallel 
to  the  runway.  The  site  farthest  from  the  runway  is  outside  the  10  dB  point,  and 
is  221  feet  forward  of  the  glide  slope  antenna  and  79  feet  from  a  line  from  the 
glide  slope,  parallel  to  the  runway.  In  addition,  the  second  sics  was  placed  far 
enough  forward  so  as  to  not  interfere  with  the  glide  slope  field  monitor  If  It 
were  used. 

The  localizer  tests  were  performed  by  first  flying  the  ILS  system  in  its  normal 
configuration  with  no  MLS  mockup  in  place.  This  is  referred  to  as  the  clean 
configuration.  The  mockup  was  Chen  erected  at  the  100-foot  point  and  localizer 
data  were  again  collected.  This  procedure  was  repeated  with  the  mockup  at  the 
200-fooC  point.  Each  set  of  localizer  data  consisted  of  six  runs:  two  runs  were 
partial  orbits  to  measure  the  course  width,  two  were  partial  orbits  to  check 
clearances,  and  two  were  approaches  Co  check  course  structure. 

Testing  at  the  glide  slope  was  also  performed  in  a  clean  configuration  followed 
by  erecting  the  mockup  at  each  of  Che  two  test  sices.  Each  of  the  three  sets  of 
glide  slope  data  consisted  of  four  runs:  two  runs  were  constant  altitude 
centerline  radials  to  measure  the  course  width  and  two  runs  were  approeches  to 
measure  course  structure. 


RESULTS  AND  ANALYSIS 


The  data  Indicate  that  the  azimuth  station  at  either  of  the  tested  locations 
does  not  effect  the  localizer  course,  but  does  have  some  minimal  effect  on  the 
course  width  and  clearances.  This  finding  tends  to  support  previous  testing  that 
indicated  that  objects  placed  symmetrically  about  the  centerline  of  the  localizer 
will  have  minimal  effect  on  the  course  structure.  Figure  5  Is  the  localizer 
measured  in  a  clean  configuration.  Little,  if  any,  difference  can  be  seen  when 
these  data  are  compared  to  figure  6  (mockup  at  100  feet),  figure  7  (mockup  at  200 
feet),  and  figure  8  (azimuth  station  at  200  feet).  The  high  frequency  deviations 
in  figure  8  that  appear  at  4  and  6  miles  are  caused  by  overflights  Table  1 
shows  the  results  of  the  course  width  and  clearance  runs .  The  course  width  shown 
is  the  average  of  the  two  runs,  while  the  clearance  is  the  minimum  recorded  for 
the  two  runs.  All  of  the  data  are  within  tolerance,  but  the  clearance  data  with 
the  mockup  at  100  feet  are  very  close  to  the  tolerance  limit.  A  second  run  in 
this  configuration  indicated  clearances  of  over  200  microamps . 
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TA*U  I  LOCALIZOI  Vl£m<  AJ®  CllAJUJftCe  ItSUlTS 


Condi Cion 


Width  **i«*f*»f  <;Utt*n£t  TteUiaasg 


Cloon  4  2S® 
Hock  up  oc  100  foot  4  40® 
Hock  up  «c  200  foot  4  2)® 
AZ  ontonno  oc  200  foot  4  00® 


2U  •Urooups  fly  Uft 
IV)  •IcrooMpo  fly  l«ft 
20#  olcroMip*  fly  l»(t 
22f  olcfoaopo  fly  loft 


1^0  alcrooapa 
ISO  olerGoaps 
ISO  •icrooapa 
ISO  alcrooflipa 


Tho  course  width  MosuroMnes  ot  tho  glldo  slop*  wore  unoffoctod  by  th*  location 
of  tho  oockxtp.  Uhoo  tho  olovotion  stotloo  woo  tnscollod  at  position  1.  tha 
■oasuroSMOts  Indleatad  a  sllghtar  ahorpor  (0  OS®)  eouraa  width,  but  thaaa  data 
wora  collactad  2  wooks  latar  and  tho  aysto*  charactariatica  may  Kavo  cKan««d 
slightly  ovor  tlsw  Tho  gUdo  slopo  course  structure  data  are  presented  in 
figures  9  through  12  figure  9  (clean  conf Igurat Ion)  and  figure  U  (aockup  at 
position  2)  are  slallar  and  it  appears  that  the  KLS  elevation  antenna  does  not 
affect  tho  glide  slopo  If  It  Is  not  sited  between  the  glide  slope  and  the 
aircraft,  figure  10  (aockup  at  position  1)  is  sinilar  to  the  figures  9  and  11 
oacept  for  a  slight  increase  in  error  during  the  last  I/IO  of  a  elle  Figure  12 
(elevation  station  at  position  1)  shows  the  sene  trends  This  increased  error 
apparently  results  fro«  the  aircraft  receiving  reflections  fro*  the  elevation 
station  At  the  end  of  these  runs  the  aircraft  position  is  approxlnately  SO 
feet  above  the  threshold,  and  there  may  have  been  soaw  line  of  sight  interaction 
between  the  glide  slope  slgnel  and  the  HtS  elevation  station  However,  since 
this  was  a  category  t  tLS.  the  signal  was  •ore  than  ade<iuate  down  to  the  200- foot 
ainiouas . 


COeiCLVStOHS 


The  Hiaal/Taalaal  Airport  (where  Che  tests  were  perforaed)  is  an  alaost  perfect 
inscruoenc  landing  systea  (ILS)  site  with  flat  terrain  and  few  obstructions. 
Because  of  tnis.  the  had  no  unusual  cr  marginal  characteristics,  even  chough 
it  was  only  a  category  I  installation.  The  results  of  these  tests  indicate  that 
Che  proposed  collocation  guidelines  are  adequate  as  published,  but  several  items 
should  be  considered  when  iapleaenting  these  guidelines.  These  items  are  covered 
in  the  recosBsendations  section  of  this  report. 


RECOHMEHDATIONS 


1.  Although  this  was  an  ideal  instruaent  landing  systea  (ILS)  site,  some 
degradation  was  noted  in  Che  localizer  clearances  when  the  azimuth  was  installed 
at  the  ainiaua  distance  recoasMnded  in  the  proposed  guidelines.  It  is 
recoasMnded  that  the  Hicrowave  Landing  Systea  (HLS)  azimuth  antenna  be  installed 
as  far  forward  of  the  localizer  as  space  permits,  and  the  100-foot  minimum 
distance  for  placement  of  the  azianith  in  front  of  the  localizer  should  only  be 
used  as  a  last  resort. 

2.  The  MLS  elevation  station  did  not  Interfere  with  the  category  I  operation  of 
the  glide  slope  at  Taaiaal.  However,  the  data  show  that  the  glide  slope  course 
started  to  degrade  as  the  aircraft  passed  Just  beyond  threshold.  Therefore,  if 
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an  MLS  elevation  station  were  to  be  collocated  with  a  category  II  or  category  III 
glide  slope,  the  elevation  station  should  be  sited  as  close  to  the  runway  as 
possible. 

3.  At  Taalaal  neither  the  localizer  nor  the  glide  slope  systems  used  any 
external  monitors.  Collocating  an  MLS  with  an  ILS  with  an  external  monitor  could 
cause  serious  ILS  monitoring  problems.  This  may  be  particularly  true  with  the 
glide  slope. 

4.  A  problem  was  discovered  during  the  testing  that  does  not  appear  to  have  been 
addressed  In  any  document.  During  the  second  phase  of  testing,  when  the  MLS 
stations  were  collocated  with  the  ILS,  a  Federal  Aviation  Administration  (FAA) 
flight  check  aircraft  from  Atlanta  performed  a  periodic  flight  check  on  the 
Tamiami  ILS.  The  system  passed  the  flight  check,  but  could  not  be  returned  to 
service  because  the  ground  technician  could  not  verify  the  ILS  operation  at  his 
ground  check  points  because  the  MLS  antennas  Interfered  with  llne-of-slght 
reception  of  the  ILS  signals  at  his  those  locations.  Therefore,  even  though  the 
ILS  passed  the  flight  check,  and  the  ILS  signal- In- space  was  unaffected,  the  ILS 
had  to  be  NOTAMED  for  the  duration  of  our  tests  because  the  required  ground  tests 
could  not  be  performed.  It  Is  recommended  that  the  proposed  guidelines  be 
extended  or  additional  ILS  guidelines  be  written  to  Include  revised  ILS  ground 
check  procedures  to  allow  for  llne-of-sight  reception  of  the  ILS  signals  at  the 
ground  check  points. 
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FIGURE  5.  LOCALIZER  DATA  WITH  CLEAN  CONFIGURATION 


FIGURE  6 .  LOCALIZER  DATA  WITH  MOCKUP  100  FEET  IN  FRONT  OF  LOCALIZER 


TRMIRMI,  FL  RUNWRY  9R  LOCRLIZER 
MLS  MOCK-UP  LOCATED  300'  IN  FRONT  OF  LOCRLIZER 
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FIGURE  7.  LOCALIZER  DATA  WITH  HOCKUP  200  FEET  IN  FRONT  OF  LOCALIZER 


TRMIRMI,  FL  RUNWRY  9R  LOCRLIZER 
IMUTH  LOCRTED  200'  IN  FRONT  OF  LOCALIZER 


12 


FIGURE  8.  LOCALIZER  DATA  WITH  AZIMUTH  STATION  200  FEET  IN  FRONT  OF  LOCALIZER 


TnMIflMI,  FL  RUNWAY  9R  GLIDE  SLOPE 
CLEAN  CONFIGURATION 


FIGURE  9.  GLIDE  SLOPE  DATA  WITH  CLEAN  CONFIGURATION 
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FIGURE  1 1 .  GLIDE  SLOPE  DATA  WITH  MOCKUP  AT  POSITION 
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